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(0.784) . RF (0.779) . MLP (0.634) #I SVM
(0.600) 5 W2 AR HERH FR 5 1w 1Y 4 FRASTHY 3 391 S R
(0.516) . ExtraTrees(0.471), SVM(0.399) #IMLP
(0.379). #37~, micro-average AUC % /5 Y 4 Fifs
A3 512 SVM (0.870) . RF (0.859) . XGBoost

R 2T 2598 I I AAE IR S AAAE 1 LASSO
BHRENA SR RFIEA TR (Lambda =0. 069)
Table 1 LASSO feature weight table of 2598 screened cases of

clinical symptoms and signs of lung cancer (Lambda = 0. 069)

SR S ARAE w SE IR S ARAE w
A 0.022 Jik % -0. 367
IMEAF] 0.026 TRBE -0. 323
REAH 0. 029 Jialiign -0. 260
feE U 0. 029 B A -0.235
RN 0.034 T 0T 2E Y -0.231
Mg p: 0. 034 i -0. 185
v 0. 040 Jik iR -0. 183
R 0. 044 [aREN st -0.177
[f=E 0. 054 I A S Ak -0. 166
TR 0.055 HE R -0. 151
TR 0. 059 H e i -0.139
Jik i 0. 064 HHE I -0. 130
T E AL 0. 067 e H e g -0.129
DY A JRR A 0. 068 AR -0.108
IR 0.075 KALFG GG -0.104
ok 4% 0.076 JIME TR ~0.097
i e 0.077 LN -0. 097
EE 0. 080 R -0. 083
LIV e 0. 086 Jik4n vz -0. 081
THE 0. 090 e 3% -0.078
ST 0. 092 373 -0.077
Wik am 0. 094 Pk -0.070
Liib)3 0. 109 TG AT -0.070
HHEN 0.110 ik % -0. 054
g 0. 120 JHCAAs i ik -0. 052
HEL 0.123 JURK 4t -0. 050
[ 0.135 PRIER -0. 042
NS 0. 136 PR T A -0. 041
z7 0. 142 M T~ -0. 040
2 0. 144 O B3 -0.035
Jok 455 0. 152 ik 2% -0. 029
%7 LR 0. 160 JiksZ it -0. 025
ik 4t 0.182 i -0. 024
Pt 0. 184 Rk -0.023
T 0.188 GE=A -0. 020
LE=30 0.191 ik -0.012
EZ 0.210 & -0.010
HIRIA 0.226 FRBHEZ -0. 006
AMIEE K -0. 005
=y -0. 001
R T % -0. 001

TE: LASSO, dm/NxhIds RS T, FTHRAE R R
S ALE R s w, FRAERCEE , S RRR A X I g A 12 W Y
>0 RN IZFHE SUEEZ W R IEA S, <0 FRIZFHIFES5IEE L
W S ARG
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(0.847) FlLightGBM (0. 847),

ZPFAl B SR XGBoost Al LightGBM 1E micro-
average AUC ' SRIUEAN, [0 =38 fEmf S A0 Il Zi Bk
143530k 0. 565 A1 0. 538, T34 v 43 51 o 0. 359
HF10.353, 1M RF. ExtraTrees. MLP 1 SVM 7& #E g
& Fl micro-average AUC I 3& B % XGBoost . Light-
GBM BPAfif, yZALBEST R, HOKFRF. ExtraTrees.,
F2 KT 2598 Uil I RAE AR B AR 1 9 R LR AL

AR N ZREE | AR AR A L3
Table 2 Comparison of the accuracy of the training and test
sets of the nine basic models and the fusion model based on

2598 cases of clinical symptoms and signs of lung cancer

- SERAE Y Al R

EEE S e S pEES stde
SVM 0. 600 0.399 0.814 0.803
KNN 0.573 0.373 0.835 0.855
RF 0.779 0.516 0. 854 0. 840
ExtraTrees  0.784 0.471 0.855 0.828
XGBoost 0. 565 0.359 0. 850 0.838
LightGBM ~ 0.538 0.353 0.831 0. 794
GB 0.381 0.268 0.821 0.819
AdaBoost 0. 280 0.222 0. 460 0. 466
MLP 0. 634 0.379 0.812 0. 807

e SVM, HpmEHl; KNN, Kim4Riauk; RF, BEHLARAK;
ExtraTrees, WImFEHLA ; XGBoost, MeuifEiRF; LightGBM, 42
M ERFIHL; AdaBoost, HIENIIEHR; GB, #EEF; MLP,
EA A A E N

MLP 11 SVM 1F 4 Sstacking 5 iU 1% 1 4 LA A
HEFT Al A BT 25
2.4 JK T Stacking R ik 0y ek SR DI 445 R

F 278, HT Stacking 52 BUA VA Y A5 ALY
SRR 25 S PR, B AdaBoost Fl LightGBM 4,
A AR AE DI R AR AN AR rh i 2 58 5 0. 800
Il 25 4 vp v A 2R 458 2 1Y) 3 Fh il 452 760 R ExtraTrees
(0. 855) .RF(0. 854) F1 XGBoost (0. 850) , Mz 4
T B 5 25 e 11 3 il 4 B U R KNI (0. 855) . RF
(0. 840) F1 XGBoost (0. 838) . H:H, XGBoost 1t )
A2Z50.012, RFF0.014, ExtraTrees 4 0. 027;
1M KNN 47-0. 002, $&7~ A5 BUAFAE R PG KR

478, BR AdaBoost b, fllE A ) micro-
average AUC Y 1 0. 900, micro-average AUC 3% 5
[ 3 Ffr il 45 45 780 Sk XGBoost (0. 996) . MLP (0. 995)
MIGB (0.994) . 9Pl A R H, HERH A micro-
average AUC FI 5 HT =1 B /& XGBoost, HA&H1 &
TEAGE (TR A A B DL IR 1,
2.5 @RAHEA L K A AR A AR 2T L

WIS B, AR SRR R G I 254
HERR A B R N 9. 91%~115. 49%, Xk
R A5 87 % Xof I 2 o 1 R 1Y) B R L
62. 79%~205. 60%, “F-¥IEHR 117.32%; L5
micro-average AUC 3B R FE N 1. 50%~32. 71%,
SRR 16. 68%, WLE 2.

T3 OFPIEAMBIRIX i 13 e B UEAR 5325 (9 £ IE% AUC 5 micro-average AUC 3

Table 3 Comparison of syndrome AUC and micro-average AUC for the classification of 13 syndromes in lung cancer by 9 basic models

HiH SVM KNN RF ExtraTrees XGBoost LightGBM AdaBoost GB MLP
A MR 0. 786 0.739 0.759 0.753 0.732 0. 696 0.572 0. 688 0.774
PRI 5T 0.751 0. 694 0.816 0.708 0. 637 0. 653 0.528 0.535 0.728
PRI TIE 0.812 0. 699 0. 894 0. 844 0. 837 0.913 0.617 0. 839 0. 747
R BELIATIE 0. 883 0.874 0. 866 0.818 0.794 0. 807 0. 645 0. 626 0.812
it R BAIE 0.993 0. 990 0.993 0.993 0. 990 1. 000 0. 940 0.957 0.977
[ K A AT 0.971 0.984 1. 000 1. 000 0.911 0.993 0.729 0.760 0.941
it R 0.772 0. 799 0. 875 0. 800 0.948 0. 889 0. 698 0.705 0.779
it BH Rk 0.771 0.736 0. 800 0.776 0.718 0. 704 0.518 0. 584 0.755
S R TIE 0.247 0. 460 0. 602 0. 470 0.369 0.411 0.542 0. 407 0. 449
I AR 0. 829 0.761 0. 834 0. 861 0.796 0.742 0. 542 0.709 0. 839
i AR 0.772 0.779 0. 846 0. 854 0.722 0. 691 0.535 0.623 0. 801
JI A R 0.992 0.743 0.725 0. 862 0.930 0.953 0. 454 0.815 0.814
AL P R IE 0. 990 0.993 0.993 0. 483 0. 980 0.993 0.877 0.997 0.772
micro-average AUC 0. 870 0.812 0. 859 0. 830 0. 847 0. 847 0. 749 0.798 0.843

e AUC, Zi&E TAERE (ROC) Mgk AL, micro-average AUC, WEEFYI ROCHTZ F iR,

TR TP 2 S0 7P FBR AL R PERE

RITAG AR 13 o PRSI AR A UM 14 s SVM, SCRFmIEENL: KNN, KIT4RFE7L; RF, BAHLAAK: ExtraTrees, MUMBANLEY: XGBoost,
BB SR TE s LightGBM, FRIgUBRIE IR THL; AdaBoost, FIIERCNESR; GB, BEEEHRTE; MLP, ZERHIZM4S.
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F4  OFMRLG BTN 13 A b BEIEAR 7 2E B £ IERE AUC 5 micro-average AUC LA

Table 4 Comparison of syndrome AUC and micro-average AUC for the classification of 13 syndromes in lung cancer by 9 fusion models

it H SVM KNN RF ExtraTrees XGBoost LightGBM AdaBoost GB MLP
A IR 0. 990 0.983 0.994 0. 967 0.991 0. 986 0.309 0. 985 0. 985
PRI H IR 0. 987 0.978 0. 986 0. 969 0.994 0.991 0. 344 0.991 0. 991
IR INZENTIE 0. 988 0. 987 0. 993 0. 990 0.991 0.989 0. 582 0. 992 0. 989
PRVBBELIUE 0. 990 0.977 0.995 0.977 0.997 0.994 0.309 0. 996 0.995
JIts AR AL 1. 000 0.833 0. 999 0. 999 0. 999 0. 999 0.997 0. 999 0.999
99 kg P AU 0. 988 0.957 0. 962 0.961 0. 994 0. 994 0.428 0.992 0.991
il R IE 0.972 0. 691 0. 995 0. 969 0.993 0.973 0.672 0.976 0.983
il 8 Bl U 0.991 0.902 0. 967 0. 964 0.991 0. 988 0. 687 0. 990 0. 989
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Figure 1 Confusion matrix of the XGBoost fusion model for mul-
tiple syndromes in symptoms and signs of 2598 cases of lung cancer
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Figure 2 Comparison of the performance of base models and fusion models for clinical symptoms and signs of 2598 cases of lung cancer
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Establishment of a Traditional Chinese Medicine Syndrome Diagnostic Model Based on Stacking Ensemble
Learning: Take Lung Cancer as an Example

GUO Xiaochuan'?*?, FENG Zhenzhen'?, LIU Wenrui'**, LI Jiansheng'’

1. Co-construction Collaborative Innovation Center for Chinese Medicine and Respiratory Diseases by Henan and Education Ministry
of P. R. China, Henan University of Chinese Medicine, Zhengzhou, 450046; 2. The First Affiliated Hospital of Henan University
of Chinese Medicine; 3. The First Clinical Medical College, Henan University of Chinese Medicine

ABSTRACT Objective To explore the method of optimizing the performance of traditional Chinese medicine
(TCM) syndrome diagnostic models using Stacking ensemble learning. Methods Taking the construction of TCM
syndrome diagnostic model for lung cancer as an example, 2598 cases of clinical symptoms and signs from lung cancer
patients in 9 hospitals were used as independent variables (i. e. , feature variables), TCM syndrome information as
dependent variables, and the clinical data were divided into training set and testing set in 8:2 ratio according to ran-
dom number table method using Python 3.7 software. The stable features of TCM syndrome of lung cancer were
screened using chi-square test, Spearman’s correlation test, and Least Absolute Shrinkage and Selection Operator
(LASSO) logistic regression analysis; nine machine learning algorithms are trained, including support vector machines
(SVMs ) , k-nearest neighbors ( KNN ) algorithm , Random Forest (RF ), Extremely Randomized Trees, Extreme
Gradient Boosting (XGBoost) , Lightweight Gradient Boosting (LightGBM) , Adaptive Boosting (AdaBoost) , Gradient
Boosting (GB) and the multi-layer perceptron (MLP), to obtain 9 basic models. Four models with better performance
were screened out from the above basic models and fused to form a fusion model by using the Stacking ensemble learn-
ing, and the fusion model was trained twice by the above nine machine learning algorithms and evaluated by accuracy
rate, micro-average ROC curves, area under the curve (AUC), and confusion matrix metrics, to screen the optimal
diagnostic model. Results After data processing, 79 stable features and 13 TCM syndromes were obtained. In the
basic model training, the comprehensive performance of RF, ExtraTrees, MLP and SVM basic models were better, so
the predicted distributions of the syndromes of these four models were used as the secondary training data, and nine
fusion models were obtained based on the Stacking ensemble learning (SVM, KNN, RF, ExtraTree, XGBoost, Light-
GBM, GB, AdaBoost, MLP). Among them, the XGBoost fusion model performed the best, with an accuracy of
0. 850 and 0. 838 in the training set and test set, respectively, an overfitting difference of 0. 012, and an area under
the micro-average ROC curve of 0.996. All fusion models showed an improvement in accuracy and area under the
micro-average ROC curve compared with the base model in the test set. Conclusion Taking the TCM syndrome in-
formation of lung cancer as an example, the XGBoost fusion model has significant advantages in improving the diag-
nostic performance of TCM syndrome information of lung cancer through Stacking ensemble learning. It can be seen
that the advantages of Stacking ensemble learning to integrate multiple models and effectively improve the diagnostic
efficiency of TCM diagnostic models, which provided a methodological reference for similar studies.

Keywords diagnostic model of traditional Chinese medicine syndrome; lung cancer; syndrome; machine learning;

Stacking ensemble learning
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